We report the spectroscopic confirmation of 29 new, 12 plausible, and 3 previously known quasars behind the central ∼ 1.5 deg 2 region of the Small Magellanic Cloud. These were identified in a single 2df/AAOmega observation on the Anglo-Australian Telescope of 268 candidates selected primarily based on their mid-IR colors, along with a smaller number of optically variable sources in OGLE-II close to known X-ray sources. The low detection efficiency was partly expected from the high surface density of SMC as compared to the LMC targets and the faintness of many of them (149 with I > 20 mag). The expected number of I < 20 mag quasars in the field is ≃ 38, and we found 15 (22 with plausible) or 40% (60%). We did not attempt to determine the nature of the remaining sources, although several appear to be new planetary nebulae. The newly discovered AGNs can be used as reference points for future proper motion studies, to study absorption in the interstellar medium, and to study the physics of quasar variability with the existing long-term, highly cadenced OGLE light curves.
INTRODUCTION
Active Galactic Nuclei (AGNs) are one of the most important tools in modern cosmology. They are intrinsically the brightest continuously luminous sources in the universe, which allows their detection to great cosmological distances and their use as probes of the universe over cosmic time. AGNs are also believed to play a major role in galaxy evolution (e.g., Heckman et al. 2004) , acting as means for quenching star formation (e.g., Bower et al. 2006; Hickox et al. 2009 ) and "converting" blue spirals into red elliptical galaxies (e.g., Springel et al. 2005) .
Although there are over a hundred thousand known AGNs (e.g., Schneider et al. 2010) , it has proved difficult to identify quasars in dense stellar fields such as the Large and Small Magellanic Clouds (LMC and SMC), the Galactic bulge, or other nearby galaxies. For example, the expected number of quasars brighter than OGLE's I < 20 magnitude limit is ∼ 25/deg 2 ( Figure 13 in Richards et al. 2006) while there are ∼ 150, 000/deg 2 stars with I < 20 mag in the central regions of the SMC. As a result, few quasars are known behind the Magellanic Clouds (57 in the LMC, 28 in the SMC -within a 5 degree radius) 4 , and none have been identified behind the Galactic bulge. Most of the known quasars were found by investigating sources with long time scale, non-periodic variability combined with their colors and magnitudes (e.g., Eyer 2002; Dobrzycki et al. 2003a; Geha et al. 2003; Sumi et al. 2003; Dobrzycki et al. 2005 and recently Koz lowski et al. 2010; MacLeod et al. 2010b; Schmidt et al. 2010; Butler & Bloom 2010; Palanque-Delabrouille et al. 2010; Kim et al. 2011) , and a smaller number were found as the (variable) optical counterparts to X-ray sources .
Quasars behind the Magellanic Clouds or the Galactic bulge have several important scientific applications. First, they are the best sources for fixing the reference frames needed for proper motion studies. The recent improvements in the proper motions of the Magellanic Clouds (Kallivayalil et al. 2006a ,b, Piatek et al. 2008 ) all relied on Hubble Space Telescope (HST) measurements in fields centered on quasars. The results were surprising, as the Clouds were found to be moving significantly faster than previous estimates (e.g., van der Marel et al. 2002) and the tangential motion of the SMC differs significantly from that of the LMC. This implies that the Clouds may be on their first pericentric passage and unbound from the Galaxy (Besla et al. 2007) , and that they may not be bound to each other (Kallivayalil et al. 2006b ). These results can be improved not just by longer temporal baselines for the previously known quasars, but also by better mapping out the contaminating internal motions of the Clouds using additional quasar fields. The second familiar reason for finding background quasars is that bright quasars can be used in absorption studies of the interstellar medium (e.g., Sargent et al. 1979; Bechtold et al. 2002) . This requires finding the brightest possible quasars behind the Clouds, which is challenging given the density of contaminating sources and the low density of bright quasars, with only ∼0.01, 1 and 25 quasars/deg 2 brighter than I < 16, 18 and 20 mag, respectively.
The third application, which may be less familiar, is studying the physics of quasar variability. Kelly et al. (2009) showed that quasar light curves can be well modeled as a damped random walk, a stochastic process with only three parameters: the mean light curve magnitude, a characteristic time-scale and an amplitude. Their study, using ∼ 100 quasars from the MACHO survey (Geha et al. 2003) and quasars targeted for reverberation mapping (Giveon et al. 1999; Peterson et al. 2004) , found strong correlations between these variability parameters and the physical properties of the quasars such as black hole mass and luminosity. Koz lowski et al. (2010) , based on ∼ 2, 700 quasar candidates from Koz lowski & Kochanek (2009) with OGLE-III light curves, further demonstrated that the stochastic models describe quasar variability well, using a more powerful statistical approach from Press, Rybicki & Hewitt (1992) and , 1994 . Recently, MacLeod et al. (2010a) investigated these correlations in greater detail using the light curves of ∼ 9000 SDSS quasars, finding that the amplitude of variability on long time scales decreases with increasing luminosity and increasing rest-frame wavelength, and that it is also correlated with black hole mass. The characteristic time scale for returning to the mean luminosity increases with increasing wavelength and increasing black hole mass, but remains constant with redshift and luminosity. There are discrepancies, however, between the time scale distributions in MacLeod et al. (2010a) and Koz lowski et al. (2010) which may be due to higher than estimated stellar contamination in Koz lowski et al. (2010), selection differences or the better light curves available for sources in microlensing fields.
The individual parameter estimates for the SDSS quasars are significantly worse than those for the Cloud quasars, and this will also be true of light curves from other modern surveys like the Catalina Survey (e.g., Larson et al. 2003; Drake et al. 2009 ), the Palomar Transient Factory (e.g., Law et al. 2009 ), Pan-STARRS (e.g., Kaiser et al. 2002) or LSST (e.g., LSST Science Collaboration et al. 2009 ) that attempt to cover large fractions of the sky rather than localized regions. The OGLE microlensing survey has monitored the LMC, SMC and the Galactic bulge for ∼ 15 years, providing light curves for 400 million objects (Udalski, Kubiak & Szymański 1997; Udalski et al. 2008a ). These fields have also been observed for shorter periods of time by the EROS (e.g., Tisserand et al. 2007) , MACHO (e.g., Alcock et al. 2000) , MOA (e.g., Sumi et al. 2005) , and SuperMACHO (e.g., Becker et al. 2005 ) microlensing surveys, aiming primarily at detection of dark matter compact objects in the Galactic halo (e.g, Alcock et al. 2000; Tisserand et al. 2007; Wyrzykowski et al. 2009 ).
This leaves the problem of identifying the quasars, spectroscopically confirming them, and determining their properties (luminosities, black hole mass estimates from emission line widths). Koz lowski & Kochanek (2009) pointed out that the mid-IR AGN selection method of Stern et al. (2005) would also work reasonably well in dense stellar fields because the mid-IR colors of quasars are different from all normal stars. Based on a simple three-level criteria, they selected ∼ 5, 000 quasar candidates behind the Magellanic Clouds from the SAGE (Meixner et al. 2006; Blum et al. 2006 ) and S3MC (Bolatto et al. 2007 ) data. In this paper, we present the results of our AAOmega spectroscopic follow-up of a single ∼ 1.5 deg 2 field in the SMC, containing 268 quasar candidates from Koz lowski & Kochanek (2009). We report the confirmation of 29 new quasars, and include a list of 12 plausible quasars. In Section 2 we present the data analysis procedures. In Section 3 we present newly confirmed quasars, and in Section 4 we discuss the detection efficiency. The paper is summarized in Section 5.
DATA ANALYSIS
In Koz lowski & Kochanek (2009) we classified the candidates based on three criteria. First, objects in the Stern et al. (2005) mid-IR color selection region were classed as "A" if they lay away from the track of cool black bodies through the selection region and "B" if they lay close to the track. Second, the brighter sources have mid-IR magnitudes also observed for young stellar objects (YSOs), so sources were classified as "YSO" if they lay in the region heavily contaminated by YSOs and as "QSO" if they did not. Finally, objects with the mid-IR to optical colors typical of quasars were classed as "a", while those which did not were classed as "b". For out first attempt at spectroscopic follow-up, we selected 249 QSO-Aa and 13 QSO-Ba quasar candidates, for a total of 262 targets. The sample included two previously confirmed quasars in the field (z = 0.563 and z = 1.055, Geha et al. 2003) . We also searched for optically variable objects in OGLE-II 5 (Szymański 2005; Udalski, Kubiak & Szymański 1997 ) within the 3σ position uncertainties of the X-ray sources from Haberl et al. (2000) . We targeted 6 X-ray/variability-selected objects, including one at z = 1.06 confirmed in Dobrzycki et al. (2003a) . Since this was an experiment, we did not attempt to exclude known stellar objects from the target list (see Table 2 ). This was one of several fields prepared for the LMC and SMC, but the only one to be observed. Fig. 2. -QSO J004818.76−732059.6 at z = 0.109, one of our 29 new spectroscopically confirmed quasars, as seen by the OGLE 1.3-m ground-based telescope (left) and HST (right). The blue and red colors are for V/F555W and I/F814W, respectively. The circle has the 2 arcsec diameter of the AAOmega fibers, and is also comparable to the FWHM during the observations. The flux in the fiber is a blended combination of the bright blue star and the fainter, redder extended AGN seen in the HST image. The image dimensions are 10" × 10". North is up, East is to the left.
The field was centered at (R.A., decl.) = (00:52:00.0, −72:48:00.0) J2000. While AAOmega has a field of view of ∼ 3 deg 2 (Sharp et al. 2006 ), the S3MC survey had a complex shape so that the actual overlapping area was ∼ 1.5 deg 2 . The spectra were obtained as a service observation on August 17 2009 in moderate sky conditions with ∼ 2 arcsec seeing. We used the lowest resolution mode, with R = 1300 and a spectral coverage of approximately 5100Å between the blue (580V) and red (385R) channels. We obtained three exposures of 1800 seconds, leading to signal-to-noise ratios (S/N) ranging from 3 to 300, with 50% of the objects having S/N > 30 (Figure 1) . We used 25 sky fibers, positioned to avoid stellar emission based on the OGLE-III SMC catalogs (Udalski et al. 2008b) . The initial FLD files were created with the Configure software, and the final analysis was done using the 2dfdr software (Taylor et al. 1996) .
The most prominent feature of essentially every spectrum is the emission line contribution of the interstellar medium (ISM) in the SMC. These emission lines are redshifted by ∼ 2.5Å, consistent with the radial velocity of the SMC (e.g., Richter et al. 1987) . Since the stellar densities are high, contamination from nearby stars is also common, as shown by the OGLE and HST images of the "brightest" new AGN in Figure 2 . We estimated the contribution from nearby stars to the flux in the fiber by computing the contribution from stars within 10 arcsec to a 2 arcsec diameter fiber assuming a 2 arcsec FWHM Gaussian seeing profile based on the OGLE-III photometric catalogs (Udalski et al. 2008b) . Figure 1 shows our estimate of this contaminating flux from stars relative to the flux of the quasar. Because we are looking for emission line objects, there was no trivial relationship between either S/N or contamination and our ability to identify quasars. In general, we required the identification of two lines, except in the redshift range 0.7 < z < 1.2, where we can only find MgII despite the broad spectral coverage. We identified 29 new quasars behind the SMC. Their parameters (including the identified lines) are presented in Table 1 (top panel) , and their spectra are shown in Figure 3 . We also confirmed the 3 known quasars we included in the target list. Another 12 were plausibly quasars with broad emission lines but remained somewhat ambiguous due to the low quality of their spectra. These objects are listed in Table 1 (middle panel). Table 2 lists the remaining sources and any identifications available from SIMBAD 6 . We have not attempted to classify any of the stellar spectra ourselves.
DETECTION EFFICIENCY
The low yield requires some discussion. Koz lowski & Kochanek (2009) identified 657 quasar candidates behind the SMC, and 4699 behind the LMC. Of these, 215 SMC and 1296 LMC candidates are brighter than I < 20 mag, corresponding to 72 and 32 candidates per square degree in the SMC and LMC, respectively. The expected number of quasars with I < 20 mag is ∼ 25 per square degree (Richards et al. 2006 ), so we already had indications that the level of contamination was significantly higher in the SMC/S3MC candidate list than in the LMC/SAGE candidate list. For the roughly 1.5 deg 2 overlap of the S3MC field and the AAOmega field of view, we would expect 38 quasars with I < 20 mag. Of the observed 268 quasar candidates we were able to confirm 29 new quasars or 11% of the targets. Of these 29 quasars, 15 are brighter than I < 20 mag, which is 40% of the expected number (15 out of an expected 38).
We noted after the observations were complete, that there is an ∼0.1 mag blueward shift in the [3.6] − [4.5] colors between the ∼3 deg 2 S3MC data release of Bolatto et al. (2007) used by Koz lowski & Kochanek (2009) and the subsequent release of 30 deg 2 (Gordon & SAGE-SMC Spitzer Legacy Team 2010) . This would shift significant numbers of contaminating sources into the mid-IR color selection region. We may also have overestimated the purity of the SMC mid-IR selected sample. This is suggested by the lower density of candidates (40 per deg 2 ) identified in the LMC by Kim et al. (2011) and that the quasar variability time scale distribution of the mid-IR candidates in Koz lowski et al. (2010) seems to extend to shorter time scales than those in the SDSS sample considered by MacLeod et al. (2010a) . We will investigate these issues in more detail once we have completed more spectroscopic fields.
SUMMARY
With the identification of 29 quasars, we have doubled the number of known quasars behind the SMC. While the yields were lower than expected, there was already reason to expect this from the difference in the surface density of candidates behind the LMC and SMC in the candidate catalogs of Koz lowski & Kochanek (2009) . Fortunately, with the large numbers of fibers available on AAOmega, there is little problem in targeting the candidates. We suspect that the yields in the LMC will be significantly higher.
Identifying large numbers of quasars in the microlensing regions is important not only for use as probes of the LMC/SMC through proper motions or absorption studies. It is also important because of the revolution in studying quasar variability that began in 2009 with the introduction of a successful method for quantitatively modeling quasar variability as a damped random walk by Kelly et al. (2009) , and its subsequent improvements in Koz lowski et al. (2010) and MacLeod et al. (2010a) . With the long, well-cadenced OGLE-II, OGLE-III and currently OGLE-IV light curves, these new quasars will be invaluable for studying the variability properties of quasars if they can be identified in large enough numbers. Even with the yields of the current observations, we would expect the full Koz lowski & Kochanek (2009) candidate list to produce ∼1000 new quasars.
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